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Abstract: Efficient waste management is a major prerequisite for reaching sustainability as every
one of us produces waste. Thus, educational interventions need to offer promising assistance to
reduce individual waste as much as possible to promote environmentally friendly behavior beyond
stereotypical notions about waste disposal. Those who know about all facts and circumstances are
more likely to correct their behavior. Our hands-on module for fifth graders was designed and
implemented to support “4R”: Reduce, Reuse, Recycle and Recover, by retracing waste’s usual journey
from collection management to incineration plants. The first module focused on minimizing waste
by recycling, reusing and reducing it. The remaining waste was the second module’s core, which
explained the waste-to-energy path using an age-appropriate functional model of how to effectively
generate energy from waste. Both modules are suitable for outreach (informal) implementation
as well as for formal classroom learning. The third module comprised either an onsite visit to an
incineration plant or a classroom multimedia presentation. A total of 276 fifth graders participated in
our three-module implementation study, completing three questionnaire cycles: two weeks before
the intervention, immediately after and six weeks later. A subsequent analysis showed a clear
pattern: knowledge scores increased immediately after participation and remained constant for at
least six weeks. Surprisingly, no significant difference between the multimedia and outreach group
appeared. When applying a semantic differential, two response pattern factors, “Relevance” and
“Interest”, showed significant intercorrelations, as well as positive correlations with knowledge scores.
In consequence, learning about waste management matters, and produces short- and long-term effects.
Keywords: incineration plant; 4R (reduce, reuse, recycle, recover); assessment; semantic differential;
education for sustainability; collaborative learning; outreach learning
1. Introduction
Waste is a global manmade problem that pollutes environments on land, air and sea. Everyone
produces waste, and, thus, action is required to return to sustainability. The “Fridays for Future”
movement shows that young people in particular are deeply concerned about environmental
responsibilities, as they face an uncertain future. How waste is being handled may be influenced by
social norms and self-confidence [1,2]. Behavioral norms are supposed to support socially acceptable
preferences. Many studies have shown, for example, that people in polluted areas tend to pick up
waste more often when well-prepared guidance models exist [3,4]. Hasan [5] noted that involving the
public in active waste management and raising their awareness is key to solving these problems; using
examples from the US, the study found that specific training regarding waste avoidance and recycling,
as well as the appropriate adjustment of curricula, have positive effects on raising awareness. Another
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study, in Poland, showed that taking part in an extra waste management modules encourages students
to act as multipliers, in that they inspire discussions about waste disposal with their families [6]. This
is also true for other studies where students assume multiplicator roles, e.g., in positively influencing
parent behavior [7–9]. Hartley, Thompson and Pahl [10] described lessons about waste management as
potential ways to solve a global problem since they also have effects beyond school life. Students need
to consider the environment worth protecting and to take decisive steps against irresponsible waste
disposal; subsequently, they may involve society in realizing and assessing the problem to ensure
long-term conscious consumption.
1.1. Teaching Methods as Triggers for Knowledge Acquisition
Well-prepared teaching staff are essential for supporting hands-on skills and for initiating
individual action. Koehler and Mishra [11], for instance, described good teaching as a complex
interaction of three different components: namely, technology, pedagogy and content. Teacher content
knowledge, referring to the “amount and organization of knowledge per se in the mind of the
teacher” [12] (p. 9), plays a central role. Teachers need to adapt learning contents to respective
age groups by correctly delivering preconcepts and involving students from different backgrounds.
Moreover, in addition to pedagogical skills, confidently handling media is required, as Koehler and
Mishra [11] described with the aspect of “technology”. In consequence, classroom competencies within
a common sense need to contain four aspects of biology lessons [13]: (1) specialist knowledge (concrete
subject contents); (2) gaining knowledge (in developing questions regarding a phenomenon or problem,
finding solutions and testing them experimentally); (3) communication (accessing and exchanging
information in a subject-related way); and (4) evaluation (which is how to recognize and evaluate
biological facts in different contexts). For the knowledge acquisition process, three higher-order levels
of abstraction were distinguished: (1) reproduction (content is reproduced unchanged in the same
context); (2) reorganization (acquisition in a different context); and (3) transfer (new knowledge is
abstracted and applied in a completely different context, mostly abstracted and rearranged). All three
combined may contribute to a successful science knowledge construction by considering a balance of
all the preconditions.
In summary, inquiry-based science education (IBSE) may unite different aspects of scientific
knowledge acquisition, which is comparable to exploring natural phenomena in science [14]. It combines
observing phenomena; generating hypotheses and formulating research questions; planning and
carrying out appropriate experiments; interpreting data; and reasoning about potential results, as
well as presenting them to peers [15,16]. As IBSE occurs quite often, a precise definition is required
before its implementation in science teaching. The National Science Education Standards (NSES) and
Anderson [15] (p. 2) label three essential aspects of IBSE:
1. Scientific inquiry. This part considers different working methods that scientists use to study
natural phenomena and explain findings. In our case, the students built a functional model of an
incineration plant, did text-guided parts and integrated their solutions to solve the waste problem.
2. Inquiry learning. This is a learning process organized collaboratively with small scientific
investigations on various questions, interactive communication and explanations to peers. In our
module, students worked collaboratively in pairs, small groups or as a whole class in order to
investigate the technological parts of an incineration plant, the circular flow of waste or how to
reduce the waste.
3. Inquiry teaching. According to Anderson [15], a central aspect of learning is to investigate, but
not to gloss over. According to NSES, the consideration of real-life issues in order to expand
knowledge is a central element of good teaching. The teacher in our study acted in the role of a
supporter, not as a mere supervisor.
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When using different teaching methods, we need to bear in mind that students do not only learn
science at school. It is important to know that experiences, both in school and outside, influence
social life [17]. Thus, learning outside and inside of school must be distinguished. Formal learning,
with its main focus on cognitive learning success, is the goal of all classroom actions and subsequent
assessments [18]. Gerber et al. [19] define informal learning as learning activities outside of formal
classrooms. However, definitions are still controversial, as for instance museums offer formal learning
without a teacher [20]. Another term may focus on knowledge acquisition, supervised by a teacher but
out of school; outreach learning opportunities offer a wide range of possibilities to feasibly impart
knowledge to students. Generally, outreach is defined as “the activity or process of bringing information
or services to people” [21]. In this context, small hands-on activities are often offered in collaborative
actions [22] where experts join the respective activities. Therefore, an in-class learning environment can
also be created in learning locations of research centers or universities. In this case, outreach means the
combination of real-life elements, constructed learning environments and skills such as teamwork [23].
1.2. Social Form: Cooperative Learning
In general, cooperative learning includes supporting each other’s learning progress by working
together in small groups (mainly used in primary schools). In science education, many different
studies investigate cooperative learning and its effects on, for instance, behavior, social interactions
and school results in different subjects, although it is controversially discussed why and how this
method has positive effects on achievement and which conditions are essentially needed [24–29].
Rohrbeck et al. [30] identifies two aspects of how learning together in groups promotes knowledge
growth: (1) the group serves as a teacher who is at the same mental level of development; and
(2) the group serves to solve tasks with perseverance and a goal-oriented approach. This is in line
with the descriptions of Vygotsky [31] and Piaget [32], who identify social interaction as a root of
cognitive development.
Cooperative learning entails students working in groups and communicating with each other.
It is, however, not that simple. Johnson and Johnson [33] identify five conditions that enable efficient
cooperative learning: “1. Clearly perceived positive interdependence. 2. Considerable promotive
(face-to-face) interaction. 3. Perceived individual accountability and personal responsibility to achieve
the group’s goals. 4. Frequent use of relevant interpersonal and small-group skills. 5. Frequent and
regular group assessments regarding group capabilities to improve the group’s future effectiveness
(p. 2)”. In consequence, combining hands-on learning with cooperative learning often shows higher
scores for cognitive achievement than normal classes [34]. A combination of both methods might help
to motivate and support low achievers. Such synergies are also reported by Marth and Bogner [35] as
well as Kyndt et al. [36]. However, just a few teaching modules covering all waste disposal processes
exist, e.g., Grodzińska-Jurczak et al. [6], which is why our teaching module intended to provide a
holistic overview for various age groups and to focus on different possibilities of waste treatment
(“4R”: Reduce, Reuse, Recycle and Recover). However, it is not only important how knowledge is
communicated; individual preferences also play an important role.
1.3. Interest and Relevance as Components of Motivation
Interest was described by Palmer [37] as a form of motivation that occurs in special situations on a
short-term basis and initiates as well as maintains learning processes. As an important component
for motivation, it has the power to effectively influence behavior. Since different studies described
‘interest’ as a strong variable to influence learning, attention and goal finding [38], it can be regarded as
a person-object-related relationship [39] playing a directive role to naturally approach activities [22].
Overall, two forms of interest are important: (1) individual (trade) interest, described as long-term
interest and preference for a particular subject area [40]; and (2) situational (state) interest, described
as a short-term emotional state that arises from situational stimuli [41–44]. The latter is considered
to contain two phases. In the first part, attention is aroused by the environment, and in the second,
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attention is maintained [45]. For the latter, Mitchell [46] describes another classification of interest,
distinguishing between catch- and hold-phases. He attributed the ability to catch interest to the social
form or special methods, thereby stabilizing situational interest into the hold and phase levels and
supporting special interest in a certain topic. Therefore, situational interest may play an important
role in the development of individual interests. Palmer [37] also identifies different sources that
arouse interest within this context: novelty, physical activity, social involvement, surprise and choice.
Therefore, teaching should initiate situational interest to achieve long-term interest that is sufficient for
learning processes [44]. However, it is not only subject choices that matter; attitudes and interest also
influence learning success, as do social forms and chosen methods [47].
Relevance is the extent to which a judgment has considerable consequences for personal needs,
personal goals or personal career [30,31]. Frymier and Shulman [48] describe it as the learning content
which is considered useful for personal career paths. In addition, besides immediacy, relevance is
provided as closely related to state motivation. Gilman and Anderman [49] see relevance as important
to aligning a curriculum with students’ interests, and consider it essential to ensuring an optimal
learning process. Thus, knowledge about aspects of the content that will be relevant from students’
point of view is important. According to Albrecht and Karabenick [50], students need to recognize the
importance of instruction in a respective subject and also value social relevance.
These studies identify relevance and interest as very important components and conditions of
motivation. According to Alexander [51], social psychologists see relevance as the connection between
extrinsic and intrinsic motivation to perform in a particular area. The National Research Council [52]
even suggests that an educational program should not only take into account the aspect of relevance,
but also build on the cultural and personal experiences of students. This allows identification with
everyday learning situations outside of school. Newby [53] positively links relevance with learning
time and motivation as such. Therefore, teaching methods should support motivation and promote
relevance and interest.
1.4. Focus of the Study
Based on a newly developed teaching module about waste management., our research objectives
were three-fold: (1) to evaluate the knowledge acquisition in our collaborative hands-on-module, and
to evaluate our ad hoc instrument to monitor knowledge acquisition; (2) to determine the impact on
short-term and delayed effects of knowledge acquisition in an outreach learning location compared to
classroom lessons; and (3) to determine the relevance and interest involved with cognitive learning
(classroom vs. outreach).
2. Procedures and Methods
2.1. Participants
Overall, 276 fifth graders (M ± SD: 10.2 ± 0.42 years) participated in our study. All schools used
in the study were located in Bavaria, in both rural and urban regions. Teachers officially registered
their students before participating in our module. Parents gave their written consent.
2.2. Intervention Design
Our intervention was designed as a IBSE [14] module, combining hands-on and peer-guided
activities in class or out-of-class. It followed the Declaration of Helsinki, and its application was
approved by the Bavarian Ministry of Education. Our activity was planned flexibly and was able to be
applied in conventional classrooms or at an out-of-class site. The module about waste-management
and the “4R” (Reduce, Reuse, Recycle, and Recover) was designed for three school lessons (135 min),
with an optional 60-min visit to an incineration plant. The impact of the increasing amounts of waste,
in combination with individually generated solutions, were key to the first module. Students worked
in peer groups to retrace the waste cycle and to compare it with natural processes of decomposition.
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The second module introduced the incineration of waste that had resisted any recycling procedures.
It explained the process of waste incineration, and the fact that the emissions of particles or poisonous
gases are prevented due to filter applications. Students learned technical terms about energy ranges
and the generation of electricity using steam (produced by incineration). These theoretical foundations
were then put into practice when students constructed a miniature functional model of a waste power
plant. Successfully built models illuminated an LED when tested. Additionally, a subsample completed
the optional onsite visit in an incineration plant in order to provide a link to real-life objects (Figure 1).
Optionally, a virtual visit was prepared as a film for the remaining subsample.
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Students collaborated in pairs or small groups, guided by a workbook and instructed by the
same teacher. After a hort i roduction, students worked mostly independently. In order to ensure
efficiency, all steps were available six times, including the solutions and supplementary tools. Students
self-assessed their results by comparing them with the teacher’s desk booklet.
2.3. Test Design and Instruments
To assess prior knowledge, a paper pencil test (T0) was completed two weeks before the
intervention. After participating in our module, a post knowledge test (T1) was applied, and six weeks
later a retention test (T2) was administered (see Figure 2). Waste management unites different aspects of
science (biology, physics, and chemistry), and this was reflected in our knowledge questionnaire. The
knowledge test contained 13 items, assessing knowledge about waste management and the technical
function of incineration plants. Examples are given in Table 1. For each testing point, questions and
answer possibilities were mixed and randomly arranged. Knowledge scores were based on sum
scores (1 = correct, 0 = incorrect answer). Secondly, to monitor individual willingness to take action, a
semantic differential was applied with response options to two antithetic possible choices [54].
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Table 1. Example items of the knowledge test.
Example Questions
W1_1







A generator turns ...
(a) . . . Kinetic energy into heat energy.
(b) . . . Heat energy into electrical energy.
(c) . . . Kinetic energy into electrical energy.
(d) . . . Heat energy into ki etic energy.
W1_3
The waste-to-energy plant supplies the people in the
area with ...
(a) . . . Energy for power generation.
(b) . . . Water for toilet flushing.
(c) . . . Soot for tire production.
(d) . . . Garbage bins for disposal.
W1_16
Which transport packaging for your purchases





The method of applying semantic differentials can be useful to describe individual preferences,
identifying tendencies involved in emotions or attention regarding an object [55,56]. As a tool
to quantitatively analyze word meanings, originally developed by Osgood [57], it was chosen for
application in our settings and applied by focusing on the two variables “Interest” and “Relevance”.
Both are supposed to support knowledge acquisition as they are often also used in connection with
motivation [48,50,58]. Participants were subsequently asked, based on a five-digit Likert scale with
respective adjectives (“boring-fascinating”, “unnecessary-necessary”) adapted from Schönfelder and
Bogner [11,58], for attitudes regarding waste to energy plants (“I think a waste to energy plant is . . . ”).
Thereby, the relevance of and the interest in a waste to energy plant were measured. Most of our study
took place in the classroom with a virtual tour through the incineration plant. Only a small subsample
(N = 47) completed the onsite module. A test/retest sample N = 52 with students M = 11.08 completed
the knowledge test without taking part in our intervention.
2.4. Statistical Analysis
Statistical analyses were conducted with IBM SPSS Statistics 24.0 (IBM, Armonk, NY, USA). All in
all, 276 complete data sets were assessed. Due to the sample size, the central limit theorem is implied
which means it can be calculated with parametric tests [59]. Difficulty indices of knowledge items were
determined by relating the number of correct answers to the total number of participants. Responses
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were, thereby, recoded as (1) for correct and as (0) for incorrect answers. For reliability analysis,
Cronbach’s alpha was calculated to assess the internal consistency of the knowledge questionnaire
which consists of 13 multiple-choice questions, each offering four possible answers. The internal
consistency of the questionnaire was acceptable, with Cronbach’s alpha for T2 (α = 0.617).
Sum scores were formed for each knowledge item and then analyzed, using repeated measurement
ANOVA to detect knowledge differences between the three different test times. Post-hoc testing with
Bonferroni correction was used for pairwise comparison of the different testing times (T0, T1 and T2).
3. Results
3.1. Item Difficulties
Due to the subject dependency, knowledge assessment required an ad-hoc instrument. The
relevant criteria showed item difficulties ranging from 0.06 to 0.84, with higher scores indicating
simple, easy to answer items and low scores indicating difficult items. The item spectrum (Figure 3)
shows their spread over the entire range. Taking hierarchy response patterns into consideration, easy
questions are associated with more reproduction of given information, whereas questions of medium
difficulty indicate reorganization and difficult questions, suggesting transfer of knowledge (see Table 1).
Response patterns of the preknowledge test calculated with Kolmogorov-Smirnov-Test show a normal
distribution (p = 0.20) of the item difficulties.Educ. Sci. 2020, 10, x FOR PEER REVIEW 7 of 16 
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3.2. Knowledge Acquisition in and beyond Intervention
Knowledge acquisition peaked at T1 (M = 8.91., SD = 2.24) for the classroom sample N= 229
with a marginal drop after six weeks T2 (M = 8.55, SD = 2.37). Nevertheless, the low original
pretest scores T0 (M = 6.32, SD = 2.25) were never reached again. The Huynh-Feldt adjustment was
used to correct violatio s of sph ricity as ε >.75. In combination with repeated measures, ANOVA
analysis showed different achievement levels between the three testing times, F (1.94, 900.49) = 18.6.28,
p < 0.001, partial η2 = 0.45. Bonferroni-adjusted post-hoc analysis revealed a significant increase in
knowled e scores from T0 to T1 (MD = −2.59, p < 0.001***, 95%- CI [−2.95, −2.23]) as well as from T0
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to T2 (MD = −2.23, p < 0.001***, 95%- CI [−2.60, −1.85]) with pairwise comparison for all three testing
schedules. A difference between T1 to T2, however, did not appear. Our outreach subsample N = 47
also reached its highest knowledge scores at T1 (M = 8.43, SD = 1.75) even with an increase after six
weeks T2 (M = 8.79, SD = 1.65) compared to pretest T0 (M = 6.98., SD = 1.62). Here, Huynh-Feldt
adjustments also were applied as ε >.75, detecting significant differences between the three testing
schedules, F (2.00, 86.09) =25.18, p < 0.001, partial η2 = 0.35. Bonferroni-adjusted post-hoc analysis
was applied to all and revealed a significant increase in knowledge scores from T0 to T1 (MD = −1.45,
p < 0.001***, 95%- CI [−2.11, −.78]) as well as from T0 to T2 (MD = −1.81, p < 0.001***, 95%- CI
[−2.49, −1.13]) (Figure 4) with pairwise comparison. T1 to T2 scores did not differ. Similarly, the
test/retest groups (T0: M = 7.31, SD = 2.00, T1: M = 6.69, SD = 2.339) did not differ.
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Figure 4. Mean knowledge scores at three testing points of the outreach and classroom treatment.
Bars are 95% confidence intervals. T0: prior knowledge; T1: postknowledge test after completing our
module; T2: retention test after six weeks. P-value indicates the significance level. T0 to T1 and T0 to T2
differed significantly (p ≤ 0.001).
3.3. Semantic Differential Scores
A principal-axis factor analysis extracted two factors for the seven-word pairs of the semantic
differential. Both could be interpreted and summarized as follows: “Relevance” contains three-word
pairs, “Interest” four. The Kaiser-Meyer-Olkin measure of sampling adequacy KMO (Kaiser, 1970)
yielded a score of 0.84. As the acceptable limit is defi ed at 0.5 [59], our score rastically outnumbered
this limit. The Bartlett’s test of sphericity was significant (p < 0.001), indicating correlations between
items were sufficient for performing factor analysis. An examination of Kaiser’s criteria and the scree
plot yielded empirical justification for retaining two factors a d explained 70.69% of the total variance.
Table 2 shows factor loadings after oblimin rotation. As a predict r for reliability [60], Cronbach‘s α
scored “Relevance” with 0.85 and 0.81 for “Interest”.
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Table 2. Loading pattern of the exploratory factor analysis of the semantic differential.








An independent t-test showed differences between the two factors of the semantic differential
regarding the authentic outreach and multimedia group (Figure 5). We found statistically
significant differences between the factor “Relevance” of the onsite group and the classroom group
(95%-CI [0.25, 0.84]), with lower scores for the classroom group t (299) = 3.62, p < 0.001. The same
effect could be observed for the factor “Interest” (95%-CI [0.13, 0.69]), with lower preferences for the
classroom group t (299) = 2.89, p < 0.001.
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3.4. Correlation between Semantic Differential and Knowledge Acquisition
“Interest” and “Relevance” correlated with knowledge scores and intercorrelated with each other
(Table 3). Furthermore, a positive correlation appeared between the retention test T2 and the factors
“Interest” as well as “Relevance”.
Table 3. The semantic differential in correlation with the knowledge acquisition of the main sample.
Semantic Differential: Knowledge:
Interest Relevance T0 T1 T2
Interest Sig. <0.0001 n.s. n.s. <0.0001
Corr. 1 0.581 *** 0.202 ***
Relevance Sig. <0.0001 1 n.s. n.s. <0.0001
Corr. 0.581 *** 0.255 ***
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4. Discussion
The highlights of the study are clear: individual “Interest“ and “Relevance“ clearly correlated
with cognitive learning; and the collaborative hands-on module supported knowledge acquisition,
even for some delayed duration, in both formal and outreach settings. The following chapters put the
outcomes into relation with the literature.
4.1. Cognitive Learning Context
We were surprised by the similarity between the short-term and delayed effects on knowledge
acquisition in this study. It seems our participants did not forget their newly acquired knowledge. The
learning location seemed to play a subordinate role, since classroom and outreach onsite instruction
resulted in similar learning effects. Bogner and Fremery [61] had shown similar results in similar
circumstances (of an incineration plant) regarding the short- and delayed effects at knowledge
acquisition, examining the three dimensions of knowledge [61]. One reason for having obtained such a
surprising result might be the link between situational emotions like interest or relevance [25].
The knowledge questions seemed well chosen for the study, as a relevant increase in knowledge
before and after the educational measure became apparent, which is in line with another study of
Marth and Bogner [35]. Item difficulties were well-balanced and showed a normal distribution of the
items; easy and difficult questions had the same ratio. A reason for successful learning might be the
selection of learning activities which, besides a focus on knowledge acquisition, offer methodological
variation, according to Tennyson and Rasch [62], and altogether benefit knowledge acquisition.
Consequently, our interactive module about waste management, including the main functions of
an incineration plant, had a significant impact on mid- and delayed effects on knowledge, regardless
of whether the module was delivered onsite or virtually [35]. This is in contrast to several earlier
studies regarding waste and environment [27,61] which reported long-term learning only as a success
of outreach modules.
4.2. Interest and Relevance
There is a strong link between relevance and interest in influencing delayed effects on knowledge.
Looking at individual interest, Schiefele [58] describes two components: the emotional part, focusing
on feelings or emotions to an object or topic; and the value-related part, considering the personal
relevance and attachment to an object. As the tool of a semantic differential frame is considered to
capture feelings about a selected subject and to provide information about interest, we consider both
to be predicting variables of retention achievement. Renninger et al. [40], for instance, observed a
wide-ranging knowledge if interest was present. Müller [63] further describes interest as correlating
with willingness to learn and learning strategies, which in our case would also provide an explanation
for the retention performance after six weeks. Furthermore, the aforementioned factors identified
by Palmer [37] (i.e., novelty, physical activity, social involvement, surprise and choice) have been
implemented in our teaching module, not only offering new content but also social and physical action.
An incineration plant in a neighborhood, for instance, may contain social involvement in relation to a
learning object which may possibly explain the link between “relevance” and “interest”. This is in line
with Värlander [64] who postulates that emotions are a natural and important part of learning, whereas
retention and attention problems are reported to be related to boredom [43,65]. Classroom intervention
may already indicate a medium interest, whereas an outreach visit may further increase interest scores.
This small difference could be an indication that outreach teaching increases interest in the subject
matter, and thus promotes retention performance. Furthermore, applying an inquiry method seems to
involve both interest and relevance. In this context, Gibson and Chase [66] reported higher interest
scores after an inquiry-based session, recommending research-based teaching to encourage interest
and motivation.
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4.3. Long-Term Knowledge
Knowledge acquisition seemingly does not depend on the length of an intervention, as short units
also have positive effects on long-lasting knowledge [25,67]. Short lesson units are also considered to
be more practicable, since it is easier for teachers to integrate them into school curricula. Furthermore,
Bogner [68] showed that short interventions can positively influence knowledge over a period of
four weeks. This is also in line with other studies that have shown this effect over a period of six
weeks [35,69]. All studies display a clear increase in knowledge after such interventions. This was
also true for our teaching module. Furthermore, it seems to be relevant who is teaching and where
the information is being distributed. According to Johnson & Manoli [70], extracurricular learning
programs also lead to enhanced environmental awareness with related increase in knowledge after
several weeks [71,72]. Stein, Isaacs and Andrews [73] describe professional knowledge transfer as
helpful for students to better understand and retain what they have learned. Regarding knowledge
acquisition, in our intervention approximately 6.32 of 13 questions were correctly answered at testing
time T0. Immediately afterwards, our classroom group was able to answer about 8.91 questions, and
after six weeks, about 8.55 questions out of 13. This result can also be obtained in other half-day
lessons about waste with a permanent increase in knowledge [61,69] and is also in line with other
studies [71,74,75]. However, students usually have a significant increase in knowledge shortly after
the intervention followed by a substantial drop afterwards [69], but never below preknowledge levels.
Such findings are common not only for a period of six weeks but sometimes also for longer periods
e.g., more than one year [26,35]. Educational activities in a certain subject area thus improve knowledge,
and with some losses may retain it even for long periods. In our case, a lack of any such drop was
apparent and quite surprising, since an almost constant level of knowledge scores remained. Possible
reasons for this remarkable knowledge acquisition need closer argumentation regarding e.g., teaching
styles (IBSE, cooperative learning) or formal/informal contexts.
A potential reason for delayed effects at knowledge acquisition and the low drop rates of our
module could be, inter alia, our use of IBSE as a learning strategy. When students are guided step
by step through an intervention they are more likely to acquire scientific knowledge [17]. They
autonomously formed a functional model of an incineration plant, a replica of the original, and thus
developed an understanding of scientific work, which enabled problem-solving skills and creative
thinking. These variables are important features of IBSE because finding meaningful explanations is
key for learning science [14]. In consequence, the IBSE method is supposed to help develop knowledge
from the exploration of scientific phenomena [14]. Furthermore, an exchange of knowledge between
peers allows the transfer of knowledge within previously unknown areas. This is also a central point
of active learning [76]. IBSE is, therefore, not the only condition for delayed effects on knowledge
acquisition, as different teaching methods can achieve comparable results [15]. Another reason for
retaining knowledge could be the small group size of a maximum of 3–4 students. By working together,
students achieve common success with common “learning goals” [77]. Blumenfeld et al. [78] mention
in this context that creating a good learning environment is not enough; the willingness to supplement
missing information is also required, whereby possible solutions and their verification/falsification is
vital to critically evaluate their results. In our module, students were encouraged to learn hands-on
and to compare solutions independently with the solutions provided. There was no need to fear an
evaluation via grades or immediate feedback by a positive result, as in our case the LED lighting.
Graham and Golan [79] note that students focusing on self-improvement rather than competition seem
to have better retention performance, which could have also influenced the here-assessed intervention.
Interpersonal relationships also play an important role in group learning. Accomplishing a task
together positively influences STEM-specific self-concepts [80]. Another probable reason for delayed
effects on knowledge acquisition is our hands-on design. This is also in line with the constructivist
learning theory. According to Mayer [81], hands-on activities support a learning process due to
independent thinking and problem-solving. These results are similar to those of e.g., Bissinger &
Bogner; Marth & Bogner [35,75] who also observed a long-term increase in knowledge similar to
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our post-test. Good retention performance, in our case achieved by half-day intervention, is also
consistent with the observations of. The lack of difference between a formal classroom group and an
outreach group requires further in-depth discussion as outreach learning normally is considered more
beneficial than classroom learning. Therefore, it can be assumed that for our subject area, outreach is
not necessary to ensure good knowledge acquisition. However, it is conceivable that outreach will
increase interest and relevance, but not significantly in our case (Figure 5). A simple explanation could
also be that a visit to the incinerator is about something new, which in itself increases the interest and
the novelty effect takes effect [82].
4.4. Limitations of the Study
Limitations often originate in small sample sizes, which is also true in our case. Another concern
often is the chosen age group, which in our case was defined by the existing syllabus. Clearly the older
the participants, the more sophisticated the lesson designs could be. The best designed modules are
useless when a teacher cannot integrate an issue into a curriculum.
Although our knowledge test only assessed subject knowledge, our teaching module also was
supposed to promote other aspects—such as communication, social skills or how to deal with teaching
material—that were not assessed in our case. These are important learning objectives that should be
learned in school, but we limited ourselves to the collection of knowledge, as this corresponds to the
standardized performance measurement at school.
5. Conclusions
In summary, outreach learning adds substantial value to school life but apparently is not
preconditional to achieving better knowledge outcomes. A good classroom learning environment
also allows successful learning beyond mere short-term peaks. Soft skills such as interest seem to
contribute as important players and to network newly acquired knowledge horizontally and vertically.
Similarly, the chosen method of inquiry-based learning seems to positively influence retention efficiency.
Additionally, the condition remains important that for a learner, some things are worth being learned.
Of course, our intervention is only one problem-oriented possibility to address the waste problem with
its technical solution possibilities, but it offers an approach for making a topic relevant for students
and integrating it into a school context. Nevertheless, it embeds a vital issue into school contexts as
other current aspects do such as microplastics, GMOs or very recently the coronavirus pandemic.
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